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This  r e p o r t  on gnotobio t ic  technology has been prepared i n  
th ree  chapters .  
h i s t o r i c a i  devefopment and present  s t a t u s  of t h i s  f i e l d .  P h i l l i p  
Trexler  prepared t h i s  chapter based on h i s  comprehensive knowledge 
of the  mul t i face ted  a c t i v i t i e s  i n  t h i s  area.  

Chapter I con ta ins  a concise  summary of t h e  

Se lec ted  a b s t r a c t s  r e l a t e d  t o  gnotobio t ic  technology a r e  pro- 
vided i n  Chapter 11. These a b s t r a c t s ,  s e l e c t e d  from the  Martin 

. f i l e s  on s t e r i l i z a t i o n  technology, have been included t o  show the  
scope of gnotobio t ic  work a s  we l l  a s  t o  i d e n t i f y  va luable  papers. 

R h x n &  and addresses  of personnel preparing the a b s t r a c t s  
i n  t h i s  r e p o r t  are contained i n  Chapter  111. 
r e p o r t  who a r e  in t e re s t ed  i n  s p e c i f i c  a b s t r a c t s  a r e  i n v i t e d  t o  
con tac t  the  a b s t r a c t o r  t o  d i s c u s s  the  t echn ica l  content .  

Rec ip i en t s  of t h i s  

i v  
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J. DEVELOPMENT OF GNOTOBIOTIC 'JECHNIQUES 

S t e r i l e  i n s e r t i o n  techniques i n  conjunct ion wi th  the  produc- 
t i o n  and use of t he  higher animals i n  the  absence of microbic con- 
taminat ion have requirements t ha t  are s i m i l a r  t o  those involved 
wi th  t h e  production and maintenance of s t e r i l e  spacecraf t .  
high order of microbiological  s e c u r i t y  i s  required when gnotobiot-  
i c  co lonies  a r e  maintained cont inuously and a great v a r i e t y  of 
supp l i e s  introduced i n t o  t h e  s ter i le  area .  Food, bedding, water, 
and a v a r i e t y  of i n s t r m e n t s  such as balances are requi red  f o r  t h e  
use of gnotobio t ic  animals. The a p p l i c a t i o n  of these  techniques 
wi th  t h e  l a r g e r  animals such a s  sheep and swine r e q u i r e s  t h e  de- 
velopment of mechanical techniques f o r  t r a n s f e r r i n g  l a r g e  o b j e c t s  
from one i s o l a t o r  t o  another.  While t h e  mechanical problems in-  
volved are not  as complex as those a n t i c i p a t e d  wi th  spacecraf t ,  
they  are never the less  considerably more involved than the pro- 
cedures encountered i n  the microbio logica l  labora tory .  
reason, an examination of t he  s t e r i l e  i n s e r t i o n  techniques as de- 
veloped f o r  gnotobio t ics  may be i n s t r u c t i v e  i n  es t imat ing  the 
u t i l i t y  of t h e  method. 

A 

For this 

The f i r s t  germfree animals, guinea pigs ,  were repor ted  i n  
1895 by N u t t a l l  and Thier fe lder  (Ref 1). 
ing sane animals f o r  two weeks. However the  high contaminaton 
r a t e  was probably caused by the  use of ord inary  a s e p t i c  s u r g i c a l  
techniques t o  caesarean-derive the  animals and i n s e r t  them i n  t h e  
sterile i s o l a t o r  chamber. Once t h e  animals were introduced i n t o  
the  s ter i le  chamber, no f u r t h e r  i n s e r t i o n s  were made. 
a's s t e r i l i z e d  i n  the autoclave,  contained a l l  t h e  feed that the 
animals would have. 

They succeeded i n  rear- 

The chamber, 

The s t e r i l e  i n s e r t i o n  techniques a s  used i n  the microbiolog- 
i c a l  l abo ra to ry  and i n  surgery a r e  e s s e n t i a l l y  an open system i n  
t h a t  t he  workers, obviously ca r ry ing  microbio logica l  contami- 
nants ,  are i n  t h e  sterile area .  Contaminations a r e  reduced by 
c o n t r o l  of a i r  c u r r e n t s  and prevention of d i r e c t  contac t  through 
the  use of s ter i le  gloves, masks, gowns, e t c .  A c losed system 
f o r  s t e r i l e  i n s e r t i o n ,  i n  which the  operator  i s  no t  i n  con tac t  
wi th  t h e  working a rea ,  was f i r s t  descr ibed by Kcster i n  1914 
(Ref 2). However, t h i s  method was used f o r  introducing supp l i e s  
only. The animals (goa ts )  w e r e  introduced through an open system. 
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The f i r s t  c losed  i n s e r t i o n  technique f o r  i n t roduc t ion  of  the  
animal was descr ibed by Reyniers and Trex le r  i n  1943 (Ref 3 ) .  
The animal was introduced through a passageway i n  the  bottom of 
t h e  i s o l a t o r  ( a  c y l i n d r i c a l  s t e e l  tank w i t h  gloves,  s i g h t  p o r t s ,  
a i r  f i l t e r s ) :  The e n t i r e  chamber was s t e r i l i z e d  wi th  steam under 
pressure .  The lower passageway was sea led  o f f  w i th  a cel lophane 
f i l m  by manipulations through a t tached  rubber gloves.  Af t e r  t he  
f i l m  was i n  place,  the  pressure door was opened from the  outs ide .  
The gravid animal was prepared f o r  surgery ,  and the  d i s i n f e c t e d  
s k i n  of the abdomen was placed a g a i n s t  t he  cel lophane f i lm.  A 
h o t  wi re  cau te ry  was manipulated w i t h i n  the  s t e r i l e  chamber and 
a n  i n c i s i o n  made through the  cel lophane and the  sk in  of t he  animal. 
The h o t  wire s t e r i l i z e d  the  edges of t h i s  opening. The animal 
was then introduced using s tandard s u r g i c a l  procedure. The animals 
were wiped wi th  a germicide and then passed i n t o  a second i s o l a t o r  
a t t ached  t o  the opera t ing  chamber. I n  t h i s  way, t h e  young were re- 
moved from the animal and introduced i n t o  a r e a r i n g  chamber with- 
ou t  exposure t o  the  open atmosphere or  the  a t t endan t s .  Suppl ies  
were introduced through an a t tached  passthrough steam s t e r i l i z e r  
t h a t  serves  as  a s t e r i l e  lock.  This i s  the  f i r s t  completely c losed  
i s o l a t o r  system. 

A somewhat s imi l a r  technique was descr ibed  by  Gustafsson i n  
1948 (Ref 4 ) .  With the  Gustafsson technique,  an  i n c i s i o n  i s  made 
through the s u r g i c a l l y  prepared sk in  of t he  abdomen of the  gravid 
animal.  The edges of the  sk in  a r e  then a t tached  t o  a c i r c u l a r  
opening i n  the bottom of the opera t ing  chamber. A space between 
the  p l a s t i c  membrane t h a t  s e a l s  the  ope ra t ing  tank from the su rg i -  
c a l  a r ea  and the  abdomen of t he  animal i s  decontaminated by a l i q -  
u id  germicide. Surgery i s  then performed through the  l i q u i d  s e a l .  

The Reyniers germfree apparatus  (Ref 5) and the Gustafsson 
apparatus  (Ref 6 )  a r e  s i m i l a r  i n  t h a t  t he  chamber i s  made of s t a i n -  
less s t e e l  w i th  a t tached  rubber  gloves f o r  manipulat ion and a g l a s s  
s i g h t  port .  Both were s t e r i l i z e d  by steam under pressure .  How- 
eve r ,  they d i f f e r  i n  the method used f o r  s t e r i l e  i n s e r t i o n .  Rey- 
n i e r s '  apparatus  conta ins  small  passthrough s te r i le  locks  i n  which 
steam under pressure i s  used a s  a s t e r i l a n t .  With the  Gustafsson 
apparatus ,  s t e r i l e  i n s e r t i o n  i s  accomplished by a germicidal  ba th  
t h a t  t r ave r ses  the wa l l  of t he  chamber. The germicide i t s e l f  i s  
n o t  s p o r i c i d a l ,  s o  a success fu l  ope ra t ion  depends on a s e p t i c  pro- 
cedures .  I n s e r t i o n  i s  accomplished by p lac ing  the  s t e r i l i z e d  ob- 
j e c t  within a b o t t l e  t h a t  was then passed through t h e  l i q u i d  t r a p .  
Though the s t e r i l e  i n s e r t i o n  procedure was thought t o  be the  most 
vulnerable  s t e p  i n  the  opera t ion ,  no contaminat ions were t raced  t o  
f a i l u r e s  i n  t h i s  s t e p .  A t o t a l  of 1260 i n s e r t i o n s  were repor ted  
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v i t h  no f a i l u r e s .  
1. A l l  of t h e  contaminants repor ted  a r e  preventable .  A r e p o r t  
on contamination experience i n  colony opera t ions  us ing  the  Rey- 
n i e r s  appara tus  is reported i n  Table 2 .  
t o  d e f e c t i v e  appara tus  i s  repor ted  i n  the  t o t a l  of 1274 s ter i le  
i n s e r t i o n s  

A survey of contaminaton i s  repor ted  i n  Table 

One contamination due 

Neither the Be;miers aor the Giistafsssn apparatus  appears 
d i r e c t l y  app l i cab le  t o  the f a b r i c a t i o n  of spacec ra f t  because the  
heavy metal  chambers places a severe  mechanical c o n s t r a i n t  on 
t h e  des ign  of chambers for  housing spacec ra f t .  F l e x i b l e  f i l m  
appara tus  (Ref 7) appears t o  be m o r e  adaptab le  t o  p ro tec t ing  
l a r g e  appara tus  without  placing undo c o n s t r a i n t  on manipulat ions 
and s te r i le  i n s e r t i o n .  A comparison of contamination r a t e s  be- 
tween the  f l e x i b l e  f i lm  apparatus  and Reyniers’  system on s i m i l a r  
opera t ions  i n d i c a t e s  t h a t  t he  f l e x i b l e  f i lm  apparatus  i s  somewhat 
more r e l i a b l e  (Ref 8). This  i n d i c a t e s  t h a t  f l e x i b l e  f i lm  when 
used wi th  l abora to ry  animals does no t  present  a puncture hazard. 
This  must be reeva lua ted  f o r  d i f f e r e n t  app l i ca t ions .  Manipula- 
t i o n s  u s u a l l y  r e q u i r e  the use of rubber  gloves t o  p r o t e c t  t h e  
hands of t he  opera tor .  Experience i n  the  use and production of 
animals i n d i c a t e s  t h a t  the glove is more s u s c e p t i b l e  t o  puncture 
than t h e  c h a m b e r  w a l l ;  puncture hazard i s  m o r e  of a concern with 
the  gloves than  wi th  the chamber wa l l s .  

Two new s te r i le  i n s e r t i o n  techniques ( p e r a c e t i c  ac id  lock 
and sp l i t - seam t r a n s f e r )  were devised t o  rake advantage of t he  
l i g h t  weight and mobi l i ty  of the  f l e x i b l e  f i lm  i s o l a t o r s .  
a c e t i c  ac id  s t e r i l e  lock c o n s i s t s  of a pass t t rough chamber i n  
which su r face  s t e r i l i z a t i o n  is accomplished by a pe race t i c  ac id  
fog o r  spray  (Ref 9 ) .  
wi th  f l e x i b l e  f i l m  i s o l a t o r s  and has given no contamination d i f -  
f i c u l t y  wi th  pe race t i c  acid a s  a su r face  s t e r i l a n t .  Recommended 
procedures involve wet t ing  of a l l  su r f aces  wi th  a spray  of 2% per- 
a c e t i c  ac id  and we t t ing  agent followed by a holding period of 20 
minutes. 
m o s t  r e s i s t a n t  species a v a i l a b l e  ( B a c i l l u s  s tearothermophilus) .  
Unreported d a t a  i n d i c a t e  t h a t  0.1% perace t i c  ac id  w i l l  i n a c t i v a t e  
these  spores  i n  t h e  vapor phase wi th in  20 minutes. The recom- 
mended concent ra t ion ,  t he re fo re ,  is 20 times the  minimum requi red .  
The l i q u i d  phase w i l l  i n a c t i v a t e  these  spores  i n  less than two 
minutes,  which i s  1/10 the recommended holding per iod.  It i s  d i f -  
f i c u l t  t o  estimate the  r e s i s t a n t  spore populat ion i n  a s t e r i l e  
lock. However, i n  hundreds of t e s t s  i n  t h e  l abora to ry ,  these  re- 
s i s t a n t  spore populat ions have been more r e s i s t a n t  than the  n a t i v e  
microbes i n  the  i s o l a t o r s  and chambers t e s t e d .  This  i n d i c a t e s  
t h a t  the recamended procedure f o r  p e r a c e t i c  ac id  operated steri le 
lock has  a g r e a t  bu i l t - i n  s a f e t y  f a c t o r .  
determined because of the  d i f f i c u l t y  of removing qposze guacti,ta- 
t i v e l y  from sur faces .  L i t t l e  work has een done wi th  spore’ luspen-  

s t e r i l i z a t i o n .  

A per- 

This has been the  method g e n e r a l l y  used 

The o r i g i n a l  t e s t s  were run us ing  5000 spores of t he  

E values  have not  been 

sions, s i n c e  it was f e l t  t h a t  our primafy P ob jec t ive  is su r face  



4 VOY-CR-66-5 

Table 1 Survey of t he  5 Contaminations Out of 4 1  Runs: Septem- 
ber 1956 t o  March 1958 (over 2304 i so la tor -days)*  

~ 

Cause 

Glove Puncture by Rat  Bi te  
( r a t s  loose i n  appara tus)  

Glove Puncture by Rat  B i t e  
( r a t s  loose in  appara tus)  

Leak i n  Food Autoclave 
(overlooked a t  t e s t i n g )  

Leak i n  Food Autoclave 
(overlooked a t  t e s t i n g )  

Leak i n  Glove Sleeve 
(overlooked de fec t  of manufacture) 

*From Ref 6 ,  p 27. 

~ 

Contaminants 

Animals S a c r i f i c e d  

Animals S a c r i f i c e d  

Mo Id 

Mold 

Cocci,  Rods, and Fungi 

Table 2 Group 1 Operations of Germfree I s o l a t o r s  w i t h  C 3 H  Mice, 
Swiss Mice and Ra t s  (March 1955 t o  October 1957)* 

Germfree I s o l a t o r s  Used 

Supply Lock Passages 

I n i t i a l  I s o l a t o r  S t e r i l i z a t i o n s  

I s o l a t o r  t o  I s o l a t o r  Passages 

Contaminations Due t o  Apparatus Fa i lure?  

6 

1210 

32 

64 

1 

*From Ref 5 ,  p 76. 

t T h i s  i s  the  only f a i l u r e  i n  these  experiments and was due t o  a 
warped outer  supply lock door t h a t  f a i l e d  when a vacuum was cre- 
a t ed  i n  the  lock fol lowing s t e r i l i z a t i o n .  

I 

I 
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I -  

S p l i t  seam t r a n s f e r  was descr ibed a s  a method of in t roducing  
supp l i e s  i n t o  a f l e x i b l e  f i l m  i s o l a t o r  (Ref 10). This  method re- 
sembles that used t o  fntrodtice the  f e t u s  i n t o  the  i s o l a t o r  (Ref 3). 
Suppl ies  t o  be introduced a r e  steam s t e r i l i z e d  i n  a f l e x i b l e  f i l m  
package. This  package is  then a t t ached  t o  the  wa l l  of a f l e x i b l e  
f i l m  i s o l a t o r  e i t h e r  by hea t  s e a l i n g  or cementing. A passageway 
is  then c u t  through t h e  sea led  a r e a  by a hot  w i r e  cau te ry  and t h e  
supplies introduced. T h i s  method has been used t o  maintain a 
colony of gnotobio t ic  mice f o r  s i x  months without contamination 
(Ref 8 ) .  This  method has a l s o  been used t o  in t roduce  supp l i e s  
t o  an i s o l a t o r  used w i t h  human surgery (Ref 11). No contamination 
has been repor ted  when using t h i s  method. However, it has not  
been used very widely i n  canparison wi th  t h e  pe race t i c  ac id  steri- 
l i z e d  lock. 

Contamination experience wi th  two commercial animal co lon ie s  
a s  they  s t a r t e d  t o  u s e  i s o l a t o r s  has been repor ted  a s  averaging 
one per 252 i so la tor -days  (Ref 12 ) ,  and one p e r  166 i s o l a t o r -  
days (Ref 13). The source of one contamination was n o t  located.  
None of t he  o t h e r s  were t raced  t o  f a i l u r e  of t h e  steri le i n s e r -  
t ion procedure. None of the  opera t ing  crew were t r a i n e d  i n  ster- 
i l e  technique. 

Contaminations i n  one of t he  commercial co lon ie s  fol lowing 
the  i n i t i a l  t r a i n i n g  period is repor ted  i n  Tables 3 and 4. No 
contaminations occurred during t h e  period repor ted  i n  Table 3. 
The contaminations t h a t  subsequently occurred (Table 4) were a 
r e s u l t  of economy measures. Apparently contamination r a t e s  ap- 
proach ze ro  i f  i s o l a t o r s  a r e  c a r e f u l l y  maintained. A nucleus 
colony of gnotobio t ic  mice have been maintained cont inuously f o r  
more than e i g h t  years  without a s i n g l e  contaminant. 

The ob jec t ives  of p r a c t i c a l l y  a l l  of t h e  gnotobio t ic  opera- 
t i o n s  a r e  t o  produce and/or use l abora to ry  animals i n  a v a r i e t y  
of s t u d i e s .  For t h i s  reason,  t r a d e o f f s  a r e  made between s e c u r i t y  
and economy of operat ion.  
s e c u r i t y  (Ref 7) can be made i f  phys ica l  means are used t o  monitor 
t he  i n t e g r i t y  of t he  i s o l a t i n g  b a r r i e r .  Microbiological  test 
procedures a r e  of l i m i t e d  value f o r  demonstrat ing the  s t e r i l i t y  
of an ind iv idua l  i s o l a t o r .  They a r e  use fu l  i n  e s t a b l i s h i n g  opera t -  
i n g  procedures and de tec t ing  f a i l u r e s ,  though negat ive  r e s u l t s  
a r e  not  conclusive.  The experience gained in t he  long-term main- 
tenance of i s o l a t o r s  wi th  m a t e r i a l s ,  such a s  axenic animal co lon ie s ,  
t h a t  a r e  s e n s i t i v e  t o  microbio logica l  contamination should provide 
an  e s t ima te  of t he  r e l i a b i l i t y  of t he  method. 

The h ighes t  degree of microbio logica l  
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Table 3 Contamination Report ,  September 20,  1963 t o  May 2 6 ,  1964 
(65 i s o l a t o r s  i n  cont inous operat ion)* 

Contaminations 0 

Glove e n t r i e s  approximately 17,000 

S t e r i l e  I n s e r t i o n s  (approximate) 
(The Char les  River  Breeding Lab, Inc . )  6 , 000 

~ I *From Ref 14. 

Table 4 Contamination Report ,  September 20, 1963 t o  January 31, 
1966 (65  i s o l a t o r s  i n  operat ion)* 

Source 

Trainee Er ro r  

Apparatus Development 

Glove Punctures 

I s o l a t o r  Film Punctures 

Episode A S t e r i l e  Drum Damaged 

Episode B Feed S t e r i l i z a t i o n  F a i l u r e  

Unknown 
To ta l  

Glove En t r i e s  (approximate) 

No. I s o l a t o r s  
_"I. 

3 

11 

7 

3 

17  

15 

3 
59 

60,000 

- 

20,000 S t e r i l e  I n s e r t i o n s  (approximate) 

*From Ref 14. 
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'If. SELECTED GNOTOBIOTIC ABSTRACTS 

This chapter  contains  a b s t r a c t s  r e l a t i n g  t o  gnotobiology, 
s t e r i l i z a t i o n  techniques,  and microbiology and space. 

A. GNOTOBIOLOGY 

1. D. Carter and A. Einheber: "A System f o r  Providing Surg ica l  
Anesthesia f o r  Germfree Rodent," J. A w l .  Physiol .  20(3): 
571-572 1962 

A system t o  provide anes thes ia  f o r  experimental  s u r g i c a l  pro- 
cedures on germfree rodents w i th in  a germfree s u r g i c a l  i s o l a t o r  
is  descr ibed.  The prese lec ted  a i r -ha lo thane  mixture i s  sterilized 
by passage through spun-glass f i l t e r s .  

2. Thomas D. Luckey: "Effect of Microbes on Germfree Animals," 
Advances i n  AQQ. Microbiology, Vol 7, 1965 

N u t t a l l  and Thierfelder  performed the  f i r s t  experiment wi th  
germfree animals i n  1894. Trexler  and Reynolds (1957) developed 
inexpensive i s o l a t o r s  i n i t i a t i n g  a g rea t  increase  i n  germfree re- 
search .  Tota l  count of micro-organisms i n  human feces  i s  1O"/gm 
(10% of human feces  is l i v i n g  b a c t e r i a ) .  Assuming t h e  f e c a l  con- 
t e n t  of t he  colon of man weighs 1.5 kg, 150 (0.15 kg) gm of micro- 
organisms would be present .  Each micro-organism d i g e s t i n g  t o  food 
during a 10 t o  60 minute l i f e  span. I f  i t  d i g e s t s  i ts  body weight 
i n  1 minute - 0.15 kg x 1440 minutes = 216 kg of food would be d i -  
ges ted  per day. The above f i g u r e  is 100 times t h e  t o t a l  conten t  
of the colon. 
have t h e  p o t e n t i a l  t o  process 100 times as much food. However, 
t h e r e  is  cons iderable  r e s t r i c t i o n  on the  a c t i v i t y  of t h e  micro- 
organisms i n  t h e  al imentary cana l .  An important f a c t o r  i n  the  
microecology of t h e  al imentary t ract  i s  continued r e inocu la t ion .  

Humans eat 1.5 kg/day; t he re fo re ,  t h e  b a c t e r i a  

3. Mark Chatigny: "Protect ion Against I n f e c t i o n  i n  t h e  Micro- 
b i o l o g i c a l  Laboratory: Devices and Procedures," Advances 
i n  App. Microbiology, 3 (1961) 
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4. .Arthur W .  P h i l l i p s  and James E .  Smith: "Germfree Animal 
Techniques and Their Applicat ion,"  Advances i n  App. Micro- 
biology,  1 (1959) 

5. E .  M .  Tuff, R .  J .  Rozntree, and L .  H. Frommhagen: "Enteric 
In fec t ions  i n  Gnotobiotic Pigs ,"  Bact Proc (1966) 

The animals t o l e r a t e d  monocontamination with E. C o l i  o r  5. 
Typhimurium rough I s t r a i n  (makes the  polysaccharide s i d e  cha in  
r e spons ib l e  f o r  the 1, 4, 5, and 1 2  Salmonella 0 an t igens  bu t  
does no t  a t t a c h  i t  t o  the  c e l l  w a l l ) ,  I n t roduc t ion  of t h e  semi- 
rough s t r a i n  r e s u l t e d  i n  death i n  about two t o  t h r e e  days (semi- 
rough s t r a i n  makes and a t t a c h e s  s ide-chain components whose poly- 
s acch r ide  content i s  about 119 t h a t  of t he  s i d e  chains  of t h e  
f u l l y  smooth parent  s t r a i n ) .  In t roduc t ion  of t h e  rough I1 (does 
not make s i d e  cha in )  r e s u l t e d  i n  death i n  about nine days. 

6 .  M .  Lev: "A Device f o r  t he  External  Supply of S t e r i l e  Water 
and a Simple A i r  S t e r i l i z i n g  F i l t e r  f o r  Germfree Units," 
J .  A p p l .  Bact . ,  27 (1) 41-44 

A device f o r  t h e  s a f e  e x t e r n a l  supply of s t e r i l e  water and a 
s i m p l e  a i r  f i l t e r  a r e  descr ibed.  This type of f i l t e r  i s  r e g u l a r l y  
used t o  supply s t e r i l e  a i r  t o  germfree animals.  The apparatus  is 
supp l i ed  a t  a ra te  of 15 t o  20 l i t e r s  of a i r /minu te ,  and t h e  
animals a re  reared germfree f o r  periods up t o  seven months. 

7. J .  R. Thompson: "Current Applicat ions of B io log ica l  Science 
V I .  Gnotobiotics:  The Science of Germfree Life," Bios, 36(2): 
71-76 1965 

8. W. O'Toole e t  al. : "Studies of Postmortem Microbiology Us- 
i ng  S t e r i l e  Autopsy Technique," Arch. Pa tho l . ,  80(5):  540- 
547 1965 

Suggest c e r t a i n  r e v i s i o n  i n  commonly accepted ideas  concern- 
i n g  postmortem microbiology. 

9 .  J .  Heneghan: "Gnotobiotic Dogs f o r  S u r g i c a l  Research," 
J .  Surg. Res., 6 ( 1 ) :  24-31 1966 

N e w  t o o l  f o r  knowledge of t h e  r o l e  of b a c t e r i a  i n  s u r g i c a l  
problems . 
10, M. Krichevsky and L .  Zern: "A Simple I n d i c a t i n g  Device f o r  

Low Water Levels i n  S t e r i l e  Water Tanks f o r  Germfree I so -  
l a t o r s  ,I1 Proceedings of the Gnotobiotic Workshop and Sym- 
posium, Ohio S t a t e  Universi ty ,  Columbus, Ohio, J u l y  22 t h r u  
24, 1963 
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11. P.  H. Mi l l e r :  "A Technique f o r  Maintaining a S t e r i l e  S o i l :  
P lan t  Root Environment and Its Applicat ion t o  the  Study of 
Ameno Acids i n  t h e  Rhizosphere," S o i l  Sci.., lOO(4) :267-273 
1965 

A p l a n t  c u l t u r e  u n i t  f o r  t h e  growth of p l a n t s  i n  s o i l  w i th  
a s e p t i c  roo t s  was  described. 

12. P. C. Trexler and S. M. Levenson: "Application of Gnoto- 
b i o t i c  Technology to  Human Medicine, '' Proceedings of t h e  
Gnotobiotic Workshop and Sgmposium, Ohio S t a t e  Universi ty ,  
Columbus, Ohio, J u l y  22 t h r u  24, 1963 

13. P. C .  Trexler :  "Gnotobiotic Techniques and Their Applica- 
t i o n  t o  Spacecraf t  Fabr ica t ion ,"  L i f e  Sciences and Space 
Research 11, North-Holland Publ i sh ing  Company, Amsterdam, 
1964 

This r e p o r t  discusses  t h e  techniques and procedures that have 
been used t o  r e a r  animals t o t a l l y  f r e e  of v i a b l e  micro-organisms. 
S t a t e s  that these  techniques are app l i cab le  t o  t h e  assembly of 
spacec ra f t  subassemblies i n  a s ter i le  environment, and that t h i s  
technique would a l l e v i a t e  some of t h e  problems involved wi th  
te rmina l  s t&i l i z a t i o n .  

14. Arthur W. P h i l l i p s  and James E. Smith: "Germfree Animal 
Techniques and Their Applicat ions,"  Advances i n  APP, Micro- 
biology, 1:141-173 1959 

Contains 113 references.  

This report descr ibes  methodology of germfree b i r d s  and mam- 
m a l s ,  t h e i r  c h a r a c t e r i s t i c s ,  and some of t h e i r  app l i ca t ions .  Con- 
s i d e r a t i o n  i s  ' a l so  given t o  va r ious  means of rendering these  tech-  
niques more accessible t o  a l l  i n t e r e s t e d  i n v e s t i g a t o r s .  

Areas discussed under methods and equipment inc lude  high- 
pressure- type i s o l a t o r s ,  low-pressure-type i s o l a t o r s  (e thylene 
oxide,  pe race t i c  ac id ,  p l a s t i c  i s o l a t o r s ) ,  and sh ipping  i s o l a t o r s  
(discusses  techniques for t r a n s p o r t a t i o n  of germfree animals up 
t o  d i s t ances  of 2000 m i ) .  

15. M. Po l l a rd  e t  a l . :  "Spontaneous Leukemia i n  Germfree AK 
Mice," Proc Soc EXP. B io l  Med, 120(1):72-75 1965 
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Lymphatic leukemia developed spontaneously i n  germfree AK 
m i c e .  The c h a r a c t e r i s t i c s  of d i sease  were the  same as those  ob- 
served i n  the conventional c o n t r o l  AK mice. The d a t a  i n d i c a t e  
t h a t  the leukemia agent w a s  t r ansmi t t ed  t o  progeny by congen i t a l  
r o u t e s .  

B . STERILIZATION TECHNOLOGY 

1. G .  Briggs P h i l l i p s  : Microbiological  Contamination Control ,  
Prepared by the  B io log ica l  Contamination Control  Comn:i'ctee, 
American Associat ion of Contamination Control ,  1965 

This paper contains  a good review of p r i n c i p l e s ,  techniques,  
and procedures used i n  contamination c o n t r o l .  Included i n  t h i s  
r e p o r t  a r e  discussions on: 

.1) Importance of man i n  contamination c o n t r o l ;  

2)  Microbiological contamination c o n t r v i  b a r r i e r  systems; 

3)  S t e r i l i z i n g  and decontaminating agen t s ;  

4 )  Standards,  measurements, t e s t i n g ,  and c r i t e r i a  of con- 
t r o l ;  

5) Areas of a p p l i c a t i o n ;  

6 )  Stages i n  achieving microbiological  contamination 
c o n t r o l .  

2. A Bibliography on Vapor Phase D i s i n f e c t a n t s ,  Prepared by 
the  B io log ica l  Contamination Control  Committee, American 
Association f o r  Contamination Control ,  1965 

Contains 128 r e fe rences  on vapor phase d i s i n f e c t a n t s .  In -  
c ludes references on Beta-propiolactone, e thylene oxide,  formal- 
dehyde, methylbromide, pe race t i c  a c i d ,  and propylene oxide.  

3 .  T. H o l m e :  " S t e r i l i z a t i o n  of Microbiological  Media with B- 
Propiolactone," Biotechnology and Bioengineering, Vol V I 1  
129-132, 1965 



11 
VOY-CR-66-5 

A procedure f o r  s t e r i l i z a t i o n  of microbiological  media wi th  B- 
propiolactone has been developed. 
t h e  maintenance of mild condi t ions t o  enable  t h e  t reatment  of 
media sensitive t o  high temperature o r  low pH. 
a ture  allowed w a s  40% and automatic n e u t r a l i z a t i o n  of a c i d  pro- 
duced during hydro lys is  was e f f e c t e d  by the  use of a t i t r a t i o n  
un i t .  
za t ion  cyc le s  without disconnection. 

Spec ia l  a t t e n t i o n  was paid to  

The maximum temper- 

The apparatus  could be used f o r  several successive sterili- 

4. M. Rit tenbury and M. Hench: "Preliminary Evaluation of an 
Act ivated Glutaraldehyde So lu t ion  f o r  Cold S t e r i l i z a t i o n ,  " 
Ann. Surq. 161(1) :127-130 1965 

Act ivated glutaraldehyde s o l u t i o n  (Cidex) i s  very  e f f e c t i v e ,  
does no t  r e q u i r e  prolonged exposure t o  e f f e c t  s t e r i l i z a t i o n ,  and 
i s  p r a c t i c a l l y  not i r r i t a t i n g  o r  t ox ic .  
equipment exposed t o  t h i s  agent .  

There i s  no damage t o  any 

5 .  C. W. Bruch: "Some Bio logica l  and Phys ica l  Fac tors  i n  Dry 
H e a t  S t e r i l i z a t i o n  (Resistance of Bacterial Sporeformers), 
A General Review," L i f e  Science and Space Research, M. 
Flo rk in  and A. I)ollfus (ed), 1963 

6.  J. Opfe l l  and C. Miller: '%old S t e r i l i z a t i o n  Techniques," 
Advances i n  App ,  Microbiology 7 (1966) 

These are processes appl ied a t  temperatures below 50°C. 
are app l i ed  t o  materials t h a t  are damaged o r  destroyed by hea t  
s t e r i l i z a t i o n  processes.  However, they may be chosen f o r  hea t -  
s t e r i l i z a b l e  materials t o  ga in  savings i n  money, t i m e ,  o r  e f f o r t .  

They 

This s tudy  app l i e s  t o  chemical agents  r a t h e r  than processes 
based primarizy on electromagnetic r ad ia t ion ,  e l ec t ron  or par-  
t i c le  beams, o r  even u l t r a son ic  t reatment .  

7. Jaromir Synek: "Ethylene Oxide as a S t e r i l i z i n g  Agent," ~- 

(1st Epidemiol Nicrobiol ,  Prague), Bul l .  Chim. Farm., 103 
(11) :790-803 (1-1) , 1964 

This paper i s  concerned wi th  s t u d i e s  on the  s t e r i l i z i n g  proper- 
ties of e thylene  oxide. 
paper, c l o t h ,  g l a s s ,  rubber, p l a s t i c s ,  co t ton ,  wool, etc, were 
impregnated wi th  suspensions of Staphylococcus aureus,  Escher ich ia  
w, Mycobacterium p h l e i ,  and B a c i l l u s  mesentericus.  S tud ie s  
were conducted on t h e  condi t ions  necessary t o  completely s ter i l ize  
these  samples us ing  a mixture  of 10% ethylene  oxide and 90% CO 
a t  var ious  pressures .  

Previously s t e r i l i z e d  materials, e.g. ,  

2 
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Gomplete s t e r i l i z a t i o n  r equ i r ed  24-hr exposure a t  2.5 a t m  and 
20 t o  40°C or  18 h r  (spores) and 6 h r  (veg) a t  40 t o  5OoC. 
was concluded t h a t  time was important,  and t h a t  i t  should be 6 t o  
12  h r  f o r  veg c e l l s  and 20 t o  24 h r  f o r  spore formers, a t  2.5 a t m  
and 35 t o  45OC. Also s t a t e d  t h a t  t he  r e l a t i v e  humidity should be 
low. 

It 

8. W. Haxeu and H.  Hueck: "The Use of B-Proprfolactone for the 
S t e r i l i z a t i o n  of Heat Lab i l e  Mate r i a l s , "  Antonie Leeuwenhoek 
J .  Microbiol.  S e r o l . ,  31(3) :295-300 1965 

A l i t e r a t u r e  survey i s  given. Autoinact ivat ion of t h i s  com- 
pound occurs.  

9 .  I. P h i l l i p s  and T.  T i y l a r :  " S t e r i l i z a t i o n  of S u r g i c a l  In- 
struments i n  a 'F l a sh '  Autoclave," Lancet 2 ,  (7417) :840-842 
196 5 

10. P.  M .  Borich : "Antimicrobial Agents as Liquid Chemosteril- 
i z e r s  , ' I  Biotechnol.  Bioeng., 7 (3) :435-443 1965 

Only a. f e w  an t imic rob ia l  agents  are  s p o r i c i d a l  and can be 
used as chemos te r i l i ze r s .  
c i d a l  a c t i v i t y .  

Various agents were t e s t e d  f o r  s p o r i -  

11. Mark H. Chatigny: "Protect ion Against I n f e c t i o n  i n  t h e  
Microbiological Laboratory: Devices and Procedures," 
Advances i n  App. Microbiology, 3:l 31-187 1961 

This paper contains  a very good s e c t i o n  on decontamination, 
which includes t h e  use of thermal,  l i q u i d ,  gas,  o r  vapor phase, 
and UV i r r a d i a t i o n .  Also contains  a s e c t i o n  desc r ib ing  t h e  ad- 
vantages and disadvantages of many decontaminating agents .  

12. John B. Opfe l l  and C u r t i s  E .  Miller: "Cold S t e r i l i z a t i o n  
Techniques," Advances i n  App. Microbiologv, 7:81-100 1965 

Contains approximately 100 r e fe rences .  Areas discussed i n  
t h i s  r e p o r t  include : 

1) S t e r i l i z a t i o n  of su r faces  of s o l i d s  including moni- 
t o r i n g  of s t e r i l i z a t i o n  processes;  

2) Liquid and gaseous s t e r i l a n t s ;  

I 

I 
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3)  I n t e r n a l  s t e r i l i z a t i o n  - Demonstrating t h e  e f f e c t i v e -  
ness of processes t o  s t e r i l i z e  t h e  i n t e r i o r s  of s o l i d s ,  
l i q u i d s  and gases; 

4) S e l f - s t e r i l i z i n g  formulat ions f o r  s o l i d s ;  

5) S e l f - s t e r i l i z i n g  formulat ions f o r  l i qu icb  and gases. 

13. P. I. Howard: " S t e r i l i z a t i o n  wi th  Ethylene Oxide," ( Ins t .  
Cl tn .  Sc i . ,  B e l f a s t ,  I r e l a n d ) ,  J. S c i .  Technol., 10(4):172-3 
1964 

This paper i s  mainly concerned with s t u d i e s  on precaut ions 
t h a t  should be used when working with e thylene  oxide.  
t a i n s  s t u d i e s  on t h e  spectrum of organisms a f f ec t ed .  

Also, con- 

C. MICROBIOLOGY AND SPACE 

1. Laboratory f o r  Monitoring Contamination of Space Components 
JNASA), Quarterly Report, Phoenix F i e l d  S t a t i o n ,  Technology 
Branch, Communicable Disease Center ,  Publ ic  Heal th  Serv ice ,  
U. S. Department of Health, Education, and Welfare, March 
1966 

Rigid p l ex ig l a s s  i s o l a t o r s  were employed t o  s imula te  a e r i a l  
f a l l o u t  of micro-organisms onto su r faces .  An 11xl6x22-in. cham- 
b e r  w a s  used. 
i nd ica t ed  t h a t  a mean leve l  of contamination can b e  c o n t r o l l e d  
r e l i a b l y  . 

Aerosolized e thanol  suspensions of &- s u b t i l i s  

. 
Addi t iona l ly ,  r e p o r t s  of experiments enumerated below are 

given : 

1) Recovery of micro-organisms from s o l i d s ;  

2) Methods of removing contaminants from s u r f a c e s ;  

3) Microbial  su rv iva l  on su r faces ;  

4) Comparison of microbial  contamination l e v e l s  i n  hospi-  
t a l  ope ra t ing  rooms and i n d u s t r i a l  c l e a n  rooms; 

13 

. 
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5) Recovery of s u b l e t h a l l y  hea t  damaged ae rob ic  and 
anaerobic spores ; 

6)  Comparison of s tandard p l a t e  count and membrane f i l t e r  
recovery methodology. 

2.  J .  Hotchin e t  a l . :  "Survival of Micro-Organisms i n  Space," 
Nature, 206(4983):442-445 1965 

The main environmental f a c t o r s  t h a t  were evaluated as p o s s i b l e  
causes of the loss of v i s i b i l i t y  of t h e  exposed f l i g h t  samples of 
micro-organisms a re  high vacuum, cosmic r ays ,  u l t r a v i o l e t - r a d i a -  
t i o n ,  X-radiation and temperature extremes. 

3 .  G .  B.  P h i l l i p s :  "Absolute Barrier Concept i n  the Control of 
Micro-Organisms," Bact Proc,  (1966) 

Absolute b a r r i e r s  should allow .no mic rob ia l  interchange between 
protected and nonprotected environments; they aim a t  t o t a l  con- 
tainment. Post ive pressure "product p ro tec t ion"  b a r r i e r s  are 
needed fo r  assembly of s t e r i l e  s p a c e c r a f t  components. Cabinets 
and i s o l a t o r s  may be used t h a t  i s o l a t e  workers from t h e  s t e r i l e  
a r e a .  S te r i le  rooms entered by workers wearing s t e r i l e  v e n t i -  
l a t e d  s u i t s  a l s o  may be considered.  S t e r i l i z a t i o n  and decon- 
tamination agents are used f o r  (1) i n i t i a l  s t e r i l i z a t i o n  of t h e  
b a r r i e r ,  (2) maintenance of s t e r i l i t y  during use,  and (3) t r e a t -  
ment of supp l i e s  and equipment moved i n  and out  of t h e  b a r r i e r .  
Although s t e r i l i z a t i o n  by h e a t  i s  b e s t ,  chemicals such as ethylene 
oxide,  pe race t i c  a c i d ,  formaldehyde and beta-propriolactone f i n d  
appropr i a t e  uses .  

4. M .  G .  Koesterer :  "Thermal Death S tud ie s  on Microbial  Spores 
and some Considerations f o r  t he  S t e r i l i z a t i o n  of Spacec ra f t  
Components , ' I  Develop. Ind. Microbiol,  6 :268-276 

The thermal cyc le s  r equ i r ed  t o  r e l i a b l y  s t e r i l i z e  were de- 
f ined .  Various b i o l o g i c a l ,  chemical, and phys ica l  f a c t o r s  i n -  
f luencing the  e f f i c a c y  of dry h e a t  as a s t e r i l i z i n g  agent were 
inves t iga t ed .  Members of t he  ae rob ic  mesophilic spore-forming 
group of b a c t e r i a ,  i n v e s t i g a t e d  i n  both pure c u l t u r e  and as they 
occur i n  s o i l ,  have been found t o  be h igh ly  r e s i s t a n t  t o  des t ruc -  
t i o n  by dry h e a t .  

5 .  T. R. Wilkinson: "Survival of Bac te r i a  on Metal Surfaces ,"  
App. Microbiology, 14(3) 1966 
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Surviva l  curves  were determined f o r  S e r r a t i a  marcescens 
Sarcena lu t ea ,  Pas t eu re l l a  t u l a r e n s i s ,  and p. p e s t i s  deposi ted 
from the  a i rbo rne  s t a t e  onto metallic sur faces  and subsequently 
s t o r e d  a t  var ious  humidi t ies  and temperatures . .  C e l l s  of a l l  
species t e s t e d  remained a l i v e  longest  i n  a dry  atmosphere, ex- 
c e p t  that cells of S e r r a t i a  marcescens survived b e s t  i n  a sa tu -  
r a t e d  atmosphere. 
mediate humidity l e v e l  fo r  t h r e e  of t h e  test organisms, y e t  p. 
t u l a r e n s i s  d ied  most rap id ly  i n  a s a t u r a t e d  atmosphere. .An in- 
crease i n  temperature decreased s u r v i v a l  of E. p e s t i s  and p. 
t u l a r e n s i s .  McDade and H a l l  r epor t ed  10 cells  (Grom neg. sh.) 
s t o r e d  on sur faces  survived 48 h r  a t  25OC i n  the  in te rmedia te  
o r  h igh  humidity range. 

Survival  decreased most r a p i d l y  a t  t h e  i n t e r -  

3 

6. W. Pack, M. Christensen, and J. J. McDade: "Survival of Sur- 
face-Exposed Micro-Organisms i n  Spacecraf t  Assembly Area , "  
Bact Proc (1966) 

Resul ts  i n d i c a t e  that b a c t e r i a l  spores  su rv ive  a f t e r  several 
w e e k s  of exposure t o  all of t h e  above condi t ions  (25 t o  55OC and 
10, 50, or 75% RH). 
v e r t i c a l  (80 f t /min)  o r  ho r i zon ta l  (110 f t /min)  laminar a i r f low.  
Gram-positive cocci tend t o  su rv ive  des i cca t ion  under s ta t ic  
condi t ions  f o r  per iods i n  excess of one week, but die-away occurred 
wi th  inc reas ing  r a p i d i t y  above 50% RH o r  on exposure t o  t h e  stream 
of laminar flow air .  Gram-negative spp. were most suscep t ib l e  
t o  a l l  of  t h e  above condi t ions,  and die-away occurred wi th in  hours 

A i r  v e l o c i t i e s  ranged from static through 

t o  days. 
I 

D. APPLICATION OF GNOTOBIOTIC TECHNOLOGY TO HlMANs 

1; S i x t h  Quarterly Summary Rewrt of Promess .  Reduction of 
Microbial  Dissemination, Germicidal A c t i v i t y  of Ethylene 
Oxide. Reduction of Microbial  Contamination on Surfaces ,  
Biophysics Sec t ion  Technology Branch, Comnunicable Diseases 
Center,  Publ ic  Heal th  Serv ice ,  U. S. Department of Health,  
Education, and Welfare, February 1966 

Roan-sized f l e x i b l e  f i lm i s o l a t o r s  were employed t o  determine 
t h e  number and types of organisms shed by persons wearing var ious  
types of p ro tec t ive  c lo th ing .  The use of the  i s o l a t o r  precluded 
contamination with nonhuman organisms from t h e  env i romen t .  
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Resul t s  of th i s  s tudy demonstrated the  s u p e r i o r i t y  of t h i s  
method of obtaining human-associated organisms. The advantages 
of t h e  method included:  

1) Shor t  exposure per iods ;  

2)  Reduction of n a t u r a l  s e l e c t i o n ;  

3)  Reduced numbers of nonhuman-associated organisms; 

4 )  Reduced v a r i a t i o n  i n  contamination loads ;  

5 )  Quan t i t a t ion  of t o t a l  v i a b l e  c e l l  counts ;  

6 )  Accurate assay €or  spores and anaerobes.  

Descr ip t ion  of t h e  i s o l a t o r  employed i s  not included.  Sampling 
and assay  methods a r e  descr ibed i n  d e t a i l .  

2 .  H. S .  Gall and P. E .  Riely:  'Microbia l  I n t e r a c t i o n  Between 
Men and Their Environment i n  Simulated Space Chambers , 'I Bact 
- Proc (1966) 

In t e rac t ions  take place between microbia l  f l o r a  of men and 
t h e i r  environment under s imulated space condi t ions  inc luding  con- 
finements,  l imi ted  personal  hygiene procedures, wearing of space 
s u i t s ,  d i e t ,  and a l t e r e d  atmospheric condi t ions .  

3 .  J. A .  Ulrich:  "Aerobic Bacter ia  of the  Human Skin,"  Bact Proc 
(1966) 

Bacteria e x i s t  on and below the  su r face  of human sk in .  It ap- 
pears l i k e l y  t h a t  many organisms reproduce i n  deeper s i t e s  and are  
then forced t o  t h e  su r face .  A common p a t t e r n  of d i s t r i b u t i o n  i s  
noted i n  a l l  normal ind iv idua l s ,  bu t  t h e  l e v e l  of the bacter ia l  
populat ion i s  a c h a r a c t e r i s t i c  of t he  ind iv idua l .  Levels remain 
cons tan t  over long per iods,  but  can b e  temporar i ly  changed by a 
v a r i e t y  of methods. 
from b a c t e r i a  f o r  s h o r t  per iods,  bu t  s t e r i l i z a t i o n  of the s k i n  
i s  not poss ib le  with present  methods. 

Skin su r face  can be made r e l a t i v e l y  f r e e  

4 .  F. W .  Thomac and M .  Bengson: "Microbiological  Cons t ra in ts  
on Long-Term Manned Space Missions , " Bac t Proc (1966) 
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A s t rong  p o s s i b i l i t y  e x i s t s  t h a t  b a c t e r i a  w i l l  have t o  be 
added t o  t h e  food or  t ha t  con t ro l l ed  contamination of dr inking  
water w i l l  be necessary t o  maintain a d e s i r a b l e  i n t e s t i n a l  popu- 
l a t i o n  of micro-organisms . 
5 .  J. J. Landy: "Treatment of t h e  Burned P a t i e n t :  U s e  of t he  

Ge?nn-free Plseric Isd=tcr as a Barrier Against Yospi ta l  
Pathogens ,I1 Southern Med. J . , 56 (10) :lo8401088 1963 

I n f e c t i o n  i s  a major cause of morbidity and m o r t a l i t y  i n  
burned p a t i e n t s .  S t r a i n s  of pathogenic b a c t e r i a  preva len t  i n  
h o s p i t a l s  are the  most important source of postburn i n f e c t i o n .  
A system using germfree techniques i n  the  t reatment  of burned 
p a t i e n t s  is descr ibed.  

6. T. D. Luckey: "Potent ia l  Microbial  Hazards from Prolonged 
I s o l a t i o n , "  Bact Proc (1966) 

A dramatic decrease i n  t h e  number of species i n  t h e  gas t ro-  
i n t e s t i n a l  tract; many organisms considered t o  be indigenous t o  
man w i l l  d isappear .  Expected morphological changes inc lude  de- 
creased  weight of lymph nodes, l i v e r ,  l i v e r  and i n t e s t i n a l  w a l l ,  
and number of plasma cells. 
s o f t  s t o o l s ,  odor changes r e f l e c t i n g  one of t h e  dominant micro- 
organisms, decreased l i v e r  enzymes f o r  de toxica t ion ,  decreased 
complexity of metabolic products from i n t e s t i n a l  pu t r e fac t ion ,  
and decreased synthes is  of B-vitamins and vi tamin K. Defense 
mechanisms w i l l  d e t e r i o r a t e  a t  d i f f e r e n t  rates. S u s c e p t i b i l i t y  
t o  v i r u s  and c e r t a i n  "nonpathogenic" b a c t e r i a  would be increased.  
The accumulative e f f e c t s  could be l e t h a l  when a s t ronau t s  r e t u r n  
t o  t h i s  microbe dominated e a r t h .  

Chemical changes expected are: 



18 VOY-CR-66-5 

111. R l k & S  OF ABSTRACTORS 

This chapter  contains  t h e  r&um& and addresses  of t h e  p e r -  
sonnel who prepared t h e  a b s t r a c t s  i n  Chapter 11. Those r e c i p i e n t s  
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DAROLD SMITH. Qua l i ty  Engineer (794-5211, Ext 6268; Mail No. 
P-6700 -3) 

Education : 

BS , Universi ty  of Oklahoma, 1954 
MS, University of  Oklahoma, 1958 
PhD, Universi ty  of Texas, 1966 

D r .  Smith r ep resen t s  t he  Qual i ty  Engineer with e x c e l l e n t  capa- 
b i l i t y  t o  i n t e g r a t e  t h i s  r o l e  i n t o  programs involving microbial  
contamination. 

D r .  Smith's background includes research i n t o  b a c t e r i a l  con- 
tamination of f l u i d s ,  experience i n  microbiology with t h e  U .  s .  
Public Health Se rv ice ,  as w e l l  as holding t h e  pos i t i on  of  Associ- 
a t e  Professor of Biology a t  t h e  Universi ty  of Oklahoma. 

ROBERT D .  HOWELL. Senior Engineer (794-5211, Ext 6287; Mail No. 
P-6700-3) 

Education : 

BS i n  Biology and Chemistry, Northwestern S ta t e  College,  1961 
MS i n  Microbiology, Universi ty  of Oklahoma, 1964 
PhD i n  Microbiology, Universi ty  of Oklahoma, 1966 

D r .  Howell's background includes research i n  r a d i a t i o n  biology,  
microbial  physiology, and biochemistry.  While i n  school ,  D r .  
Howell worked p a r t  t i m e  w i th  t h e  Avco Corporation on s t u d i e s  
deal ing with b i o l o g i c a l  r a d i a t i o n  dosimeters .  

D r .  Howell r e c e n t l y  joined t h e  Martin Company, and has p a r t i c i -  
pated in  planning and a n a l y s i s  of biomedical experiments f o r  t h e  
Apollo Applicat ions Program. He i s  c u r r e n t l y  working i n  Tech- 
n i c a l  Operation Services on s t u d i e s  dea l ing  with spacec ra f t  hard- 
ware s t e r i l i z a t i o n .  
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Publ ica t  ions : 

"Environmental Fac tors  Affecting Photoprotect ion Against X-Ray 
Damage in  Staphylococcus Aureus " 
1964. 

Bac te r io log ica l  Proceedings, 

The Ef fec t  of X-Radiation on Respi ra t ion  of Staphylococcus Aureus. 
Thesis  f o r  Master of Science Degree, Univers i ty  of Oklahoma, 1964. 

Changes i n  Metabolism Associated wi th  Changes i n  Radioresis tance 
i n  Staphylococcus Aureus. D i s se r t a t ion  f o r  Doctor of Philosophy 
Degree, Univers i ty  of Oklahoma , 1966. 

Member : 

Sigma Xi; Phi Sigma; Oklahoma Academy of Science; and American 
Socie ty  f o r  Microbiology. 

HARRY M. UUFMAN. Microbiology Supervisor (794-5211, Ext 6288; 
Mail No. P-6700-3) 

Education: 

BS i n  Biological  Science,  Texas Western College,  1961 
MS i n  Microbiology, Arizona S t a t e  Univers i ty ,  1964 

M r .  Kaufman has  achieved a high l e v e l  of q u a l i f i c a t i o n  i n  t h e  
f i e l d  of microbiology in a comparatively sho r t  t i m e .  He  i s  
outs tanding i n  h i s  understanding of t h i s  f i e l d  and i t s  requi re -  
ments in r e l a t i o n  t o  the  assembly of spacec ra f t  and t h e i r  com- 
ponent s. 

M r .  Kaufman has  conducted research  i n  CRN warfare  and de tec t ion .  
&,has p a r t i c i p a t e d  i n  planning t h e  biomedical experiment analy- 
s is  f o r  t h e  Apollo Applicat ions Program and has been responsi-  
b l e  f o r  t h e  s t e r i l i z a t i o n  t a s k  eva lua t ion  and experiment design 
on t h e  Voyager proposal.  

Pub1 i c a t  ions : 

"The Ef fec t  of Hypothermia on t h e  i n  vivo Phagocytosis of E. 
pneumoniae by Imaune and Non-Immune Rabbi ts .  " American Socie ty  
of Microbiology National Meeting i n  A t l a n t i c  C i ty ,  N. J . ,  Apr i l  
1965. 

Member: 

American Socie ty  f o r  Microbiology; Aerospace Medical Associa- 
t i o n ;  and Aerospace I n d u s t r i e s  L i f e  Sciences AssociatiQn, 
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